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Abstract
Background: The rhizome of Curcuma aeruginosa Roxb (Zingiberaceae) has been used as a traditional folk medicine
for the treatment of rheumatic disorders in Bangladesh. The aim of the current study was the bioassay-guided isolation
and purification of an antinociceptive principle from the methanol extract of C. aeruginosa rhizomes.
Methods: The antinociceptive activity was determined using acetic acid induced writhing and formalin induced
licking in the Swiss albino mice to investigate central and peripheral antinociceptive principle of C. aeruginosa
rhizomes. Vacuum Liquid Chromatography (VLC) and open column chromatography were used for separation.
Crystallization was used for the purification of the isolated compound germacrone (1). Diclofenac (10 mg/kg) and
aspirin (100 mg/kg) were used as positive control and 5 % carboxymethyl cellulose (CMC) in distilled water (10 ml/kg)
for negative control were used in the acetic acid induced writhing and formalin induced licking methods.
Results: The methanol extract exhibited 37.50 and 45.31 % inhibition of writhing; 33.27 and 38.13 % inhibition of
licking in the first phase and 69.72, 73.71 % inhibition of licking in the second phase at doses of 200 and 400 mg/kg,
respectively. VLC of the extract yielded five fractions (Fr. 1 to Fr. 5). Fr. 1 exhibited 33.98 % inhibition that was
comparably higher than other fractions (Fr. 2 to Fr. 5) at a dose of 100 mg/kg. Column chromatography of Fr. 1
generated five fractions (SF. 1 to SF. 5). Fraction SF.3 exhibited 46.88 % inhibition that was most potent among the
other fractions at a dose of 50 mg/kg. Crystallization of the fraction SF.3 yielded germacrone (1), a cyclic sesquiterpene.
Germacrone (1) showed 22.66, 34.77 and 51.17 % inhibition of writhing at doses of 10, 20 and 40 mg/kg, respectively;
30.43 and 37.53 % inhibition in the initial phase and 32.27 and 60.96 % inhibition in the second phase of licking at
doses of 200 and 400 mg/kg, respectively.
Conclusion: Germacrone (1) showed a potent activity in both writhing and licking methods that indicates the compound
as a central and peripheral antinociceptive principle of C. aeruginosa rhizomes with possible anti-inflammatory activity.
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Background
As part of our continuing bioassay-guided isolation and
purification of the active principles from traditional
medicines [1–3], we investigated one of the most useful
Bangladeshi medicinal plants, Curcuma aeruginosa Roxb
(Zingiberaceae; Bangladeshi local name:- Kathali holud).
C. aeruginosa is one of the most prominently used medi-
cinal plants in Bangladesh, India, Myanmar, Indonesia,
Malaysia, and Thailand. The rhizome is very popular as
a folk medicine in Bangladesh for the treatment of pain
and inflammation associated with rheumatic diseases. In
addition, the different parts of this plant are also com-
monly used as traditional medicines for the treatment of
uterine pain, uterine inflammation and various gastro-
intestinal disorders such as diarrhea and colic [4].
Pharmacological activities such as antinociceptive, anti-
pyretic, anti-inflammatory [5], antimicrobial [6, 7], anti-
oxidant [8, 9] and anti-androgenic properties [10] have
been previously reported. Germacrone, furanodiene,
curcumenol, zedoarol, zedoarondiol, zedoalactone A,
zedoalactone B, isocurcumenol, and isofuranodiene are
the major chemical constituents isolated from the rhi-
zomes of C. aeruginosa [4, 11]. Zedoarol, curzerenone,
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furangermenone, furanodienone, curcumenol, 1, 8-cineol
and camphorare are the major volatile compounds of
C. aeruginosa [12]. Although, the antinociceptive activity
of the methanol and chloroform extracts of the rhizome of
C. aeruginosa [5] and the anti-inflammatory activity of ger-
macrone (1) [13] have been reported, the active principle
that causes the antinociceptive activity of C. aeruginosa
rhizome is still unknown and needs to be identified.
On the basis of the use of a plant as the folk and trad-
itional medicine as well as the pharmacological properties
reported in the literature, the present study was carried
out to investigate the antinociceptive activity of the MeOH
extract of C. aeruginosa rhizome and the active principle
it contained through bio-assay guided fractionations.
Methods
Drugs and chemicals
Organic solvents were obtained from Merck, Germany;
Diclofenac was purchased from Beximco Pharma,
Bangladesh; Aspirin was purchased from Square Pharma-
ceutical Ltd, Bangladesh; Thin Layer Chromatography
(TLC) was run on Merck TLC plates precoated with Si60
F254 with visualization by spraying with 10 % H2SO4 in
MeOH followed by heating. VLC was done using Silica gel
60 (0.040–0.005 mm), Merck, Germany. Open column
chromatography was done by using Silica gel 60 (0.063–
0.020 mm), Merck, Germany. The IR Spectrum was ob-
tained using a Shimadzu IR Prestige-2 FT-IR while the
1H-NMR spectra were recorded on an ultra shield Bruker
DPX 400 spectrometer. The NMR spectra were recorded
running gradients and using residual solvent peak (δ
7.25 s for 1H-NMR) as an internal reference.
Plant materials and Extraction
C. aeruginosa rhizomes were collected from Panchagarh,
Rangpur Division of Bangladesh, in December 23, 2011 and
their identity was confirmed by the National Herbarium of
Bangladesh, Chiriakhana Road, Mirpur-1, Dhaka-1216,
Bangladesh, where a voucher specimen has been deposited
(Accession Number 37514). After collection, the rhizomes
were washed with water, cut into pieces and sun-dried be-
cause aqueous suspensions of sun-dried powder is used in
the folk and traditional medicinal preparation. Then, dried
rhizomes were powdered by using a Spices Mill. Dried
powdered rhizomes (1.5 kg) were extracted with MeOH at
room temperature (4000 ml × 72 h × 3 times). The extract-
ing solvent was filtered, and the filtrate was concentrated in
vaccuo by a rotary evaporator (45 °C) to get the crude
MeOH extract (195.0 g, yield: 13 % from dried powder).
Separation of the MeOH extract
The crude MeOH extract (175 gm) was subjected to a
silica gel (120 gm) VLC and eluted with n-hexane (5 L),
chloroform (5 L) , EtOAc (5 L), acetone (5 L) and
MeOH (5 L) to obtain Fr. 1 (48 gm), Fr. 2 (29 gm), Fr. 3
(20 gm), Fr. 4(43 gm) and Fr. 5 (17 gm), respectively. On
the basis of the analgesic activity, Fr. 1 (48 gm) was sub-
jected to silica gel (300 gm) open column chromatog-
raphy and eluted with n-hexane-EtOAc step gradients.
Following this, 68 fractions of 200 ml each were collected
as follows: 1–48 (n-hexane), 49–54 (n-hexane- EtOAc,
9:1), 55–58 (n-hexane-EtOAc, 8:2), 59–62 (n-hexane-
EtOAc, 5:5) and 63–68 (EtOAc). On the basis of the ana-
lytical TLC, these fractions were then pooled into five new
fractions (SF. 1 to SF. 5) as follows: SF. 1 (1–12, 7gm), SF.
2 (13–20, 5.0 gm), SF. 3 (21–36, 3 gm), SF. 4 (37–49, 6
gm), SF. 5 (50–68, 16 gm). The analgesic activity of SF. 1
to SF. 5 were evaluated and the most potent fraction (SF.
3, 3.0 gm) was crystallized from n-hexane to get colorless
rod shape crystals of germacrone (2 gm, yield: 1.14 %).
The schematic diagram of the bio-assay guided isolation
and purification of germacrone (1) from the MeOH ex-
tract are shown (Fig. 1).
Compound 1(Germacrone): Rf value on Si-gel TLC
with n-hexane: EtOAc (9.5:0.5) as mobile phase is 0.55.
IRνmax (KBr) cm
−1: 1129, 1289, 1384, 1438, 1672, 2849,
2915, 2983. 1H-NMR (CDCl3) δ (ppm): 1.42 (3H, s, 14-H),
1.61 (3H, s, 15-H), 1.70 (3H, s, 13-H), 1.75 (3H, s, 12-H),
2.09 (3H, s, 2-Hb, 3-Ha, 3Hb), 2.34 (1H, s, 2-Ha), 2.83
(1H, d, J = 12.5 Hz., 6-Hb), 2.93 (2H, d, J = 11.0 Hz.,
6-Ha, 9-Ha), 3.39 (1H, d, J = 10.1 Hz., 9-Hb), 4.69 (1H, d,
J = 10.1 Hz., 5-H), 4.96 (1H, d, J = 11.5 Hz., 1-H). The
chemical structure of germacrone (1) is shown ( Fig. 2).
Animals
All Swiss albino mice of either sex, weighing 22–28 gm,
obtained from the Animal Resource Division, Inter-
national Center for Diarrhoeal Disease and Research,
Bangladesh (ICDDR,B), were used throughout the exper-
iments. All animals were kept in standard environmental
conditions, had free access to standard food (ICDDR,B
formulated) and water ad libitum and fasted 18 h prior
to their use [14]. The animal experiments were carried
out in accordance with the guiding principles (Directive
2010/63/EU of the European Parliament and of the
Council of 22 September 2010) on the protection of ani-
mals used for scientific purposes and approved by the
Departmental Animal Care and Use Committee of East
West University.
Acetic acid induced writhing
The antinociceptive activity of the samples was evaluated
using acetic acid induced writhing in mice [15–18]. In
this method, acetic acid was administered intraperitone-
ally (i.p.) in the experimental animals to create a painful
sensation. As a positive control, diclofenac was used.
The plant extract, VLC fractions, SF. 1 to SF. 5 and ger-
macrone (1) were administered orally (200, 400 mg/kg
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body weight for the crude extract, 100 mg/kg for VLC
fractions, 50 mg/kg for SF. 1 to SF. 5 and 10, 20, 40 mg/kg
for germacrone) to the Swiss Albino mice after an over-
night fast. Suspensions of all test samples were prepared
with 5 % carboxymethyl cellulose (CMC) in H2O for oral
administration. Test samples (MeOH extract, VLC frac-
tions, SF. 1 to SF. 5 and germacrone) and a negative con-
trol (5 % CMC in H2O) were administered orally 30 min
prior to intraperitoneal administration of a 0.7 % v/v acetic
acid (100 %) solution (0.1 ml/10gm). Diclofenac was ad-
ministered 15 min prior to acetic acid injection. Then, the
animals were placed on an observation table. Each mouse
of all groups was observed individually to count the num-
ber of writhing they made in 10 min commencing just
5 min after the intraperitoneal administration of the acetic
acid solution. Full writhing was not always observed in the
animals as sometimes the animals started to writhe but
they did not continue. This incomplete writhing was con-
sidered as half-writhing. Accordingly, two half writhing
were taken as one full writhing. The number of writhing
in each treated group was compared to that of a control
group in which diclofenac (10 mg/kg) was used as a refer-
ence (positive control).
Formalin-induced hind paw licking
The experiment was performed with slight modification
of the published methods [16, 18–21]. 5 % formalin so-
lution (20 μl) prepared in 0.9 % normal saline was
injected subcutaneously into the right hind paw of mice.
The time (in seconds) spent on licking the injected paw
was considered as an indication of the amount of pain.
The first phase of the nociceptive response normally
peaks at 5 min and the second phase 15–30 min after
formalin injection, representing central and peripheral
antinociceptive and anti-inflammatory pain responses,
respectively. The mice (22–28 gm) were divided into
groups and each group had five mice (n = 5). The mice
were fasted for 24 h prior use but were allowed free ac-
cess to water. The animals received 10 ml/kg of 5 %
CMC in H2O as negative control, 200, 400 mg/kg of the
MeOH extract, 100 mg/kg of VLC fractions and 20,
40 mg/kg of germacrone (1) for 1 h before being chal-
lenged with formalin, while 100 mg/kg of acetylsalicylic
acid (aspirin) was used 30 min prior to formalin injec-
tion. All the tested drugs, the negative control, the
MeOH extract, fractions, germacrone (1) and aspirin
(positive control) were administrated orally by use of a
feeding needle. Suspension of all test samples was pre-
pared with 5 % carboxymethyl cellulose (CMC) in H2O
for oral administration. The responses were measured
for 5 min (first phase) and 15–30 min (second phase)
after formalin injection.
Fig. 1 Isolation and purification of germacrone (1) from curcuma aeruginosa rhizome
Fig. 2 Germacrone (1)
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Statistical analysis
All data were expressed as mean ± SEM using one-
sample t-test. Comparison of the analgesic activity in all
groups was made using one-way ANOVA followed by
Dunnett’s multiple comparisons test. The significance
level was p < 0.05. All statistical analyses were conducted
using SPSS (Version 17) software package for Windows
(Chicago, IL, USA).
Results and discussion
Acetic acid induced writhing is an useful method for in-
vestigating peripheral antinociceptive drug leads [17, 18].
Pain sensation associated with irritation of peritoneal
cavity by intraperitoneal administration of acetic acid is
characterized by abdominal contractions, movements of
the body as a whole, twisting of the abdominal muscles,
and a reduction in motor activity. Moreover, in this
method, pain is generated by stimulating peripheral
nociceptive neurons via endogenous mediators such as
bradykinin, serotonin and capsaicin. Thus, the peripheral
nociceptive response of abdominal writhing induced by
acetic acid mainly involves the release of arachidonic
acid metabolites via cyclooxygenase (COX), and prosta-
glandin (PGE2 and PGF2α) biosynthesis [18, 22, 23].
The MeOH extract demonstrated statistically signifi-
cant peripheral antinociceptive activity compared to the
reference drug, diclofenac, by reducing the number of
acetic acid induced writhing in mice at doses of 200 and
400 mg/kg. Hence, the result supports the presumption
that the extract may act by inhibiting prostaglandin bio-
synthesis [23]. The MeOH extract of C. aeruginosa in
acetic acid induced writhing exhibited 37.50 % and 45.31 %
inhibition (p < 0.001) at doses of 200 and 400 mg/kg, re-
spectively (Fig. 3). The selection of doses for the extract
and the fractions were kept far below the published toxicity
study of the crude extract in the literature [5]. This result is
an indicative for the peripheral antinociceptive activity of
the C. aeruginosa extract.
The formalin induced licking is an useful method to
distinguish between the central and peripheral antinoci-
ceptive action [18]. This method exhibits a biphasic
nociceptive response described as the first and the second
phases. The initial phase, neurogenic pain, is occurred by
C-fiber activation produced by direct stimulation of noci-
ceptive neurons; while the second phase, inflammatory
pain, is caused by local tissue inflammation and also by
functional changes in the dorsal horn of the spinal cord
[22, 24]. The initial phase is occurred immediately after
the injection of formalin while the second phase is exhib-
ited between 20 and 30 min post-injection [22]. In
addition, it is reported that substance P and bradykinin
are participated for the response of the first phase while
histamine, serotonin, prostaglandin and bradykinin are in-
volved for the response of the second phase [25].
Therefore, the second phase is inhibited both by
opioids and non-steroidal anti-inflammatory drug
(NSAIDs) [24]. In this ways, substances that inhibit
both phases are considered as central antinociceptive
while the substances that inhibit second phase are con-
sidered as peripheral antinociceptive with possible ef-
fect on inflammation [22, 24].
The MeOH extract showed statistically significant anti-
nociceptive action in both phases compared to the refer-
ence drug, aspirin (which exhibited more significant
activity in the late phase), by reducing the number of lick-
ing at doses of 200 and 400 mg/kg. Thus, the results indi-
cate that the significant pain reduction is might be due to
the presence of central and peripheral antinociceptive
drugs that are also effective as an anti-inflammatory agents.
In this model, aspirin (acetyl salicylic acid, 100 mg/kg) was
used to insure the peripheral antinociceptive and possible
anti-inflammatory activity because it is more potent in the
late phase. The extract used in formalin induced licking ex-
hibited 33.27 and 38.13 % inhibition (p < 0.001) in the early
phase of licking at doses of 200 and 400 mg/kg, respect-
ively; 69.72 and 73.71 % inhibition (p < 0.001) in the late
phase of licking at doses of 200 and 400 mg/kg, respect-
ively (Figs. 4 and 5).
The separation of the MeOH extract by VLC eluted 5
fractions (Fr. 1 to Fr. 5). These fractions were screened
for the central and peripheral antinociceptive activity
using acetic acid induced writhing and formalin induced
licking. Fr. 1 was found to have the most activity in both
writhing and licking and exhibited 33.98 % (p < 0.001)
inhibition of acetic acid induced writhing and 23.94 %
(p < 0.001) inhibition in the early phase and 62.15 % (p <
0.001) inhibition in the late phase of formalin induced
licking. The result of Fr. 1 was more potent in both
methods compared to the other fractions at the same
dose of 100 mg/kg.
On the basis of the analgesic activity, Fr. 1 was sub-
jected to a silica gel column chromatography and a total
of 68 fractions were obtained. On the basis of the analyt-
ical TLC, these fractions were combined into 5 new frac-
tions (SF. 1 to SF. 5) and screened to find the most
potent fraction using only acetic acid induced writhing.
The fraction SF. 3 exhibited the most potent analgesic
activity with inhibition of 46.88 % (p < 0.001) in acetic
acid induced writhing at a dose of 50 mg/kg that showed
most activity than the other new fractions with similar
dose (Fig. 3). As both writhing and licking indicated Fr.
1 as the most potent fraction; therefore, we conducted
only acetic acid induced writhing for the screening of
SF. 1 to SF. 5 to investigate the most potent column
fraction that is responsible for the optimum antinoci-
ceptive activity of Fr. 1. The antinociceptive principle
(2 gm) was purified from the fraction SF. 3 by
crystallization with n-hexane.
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The presence of carbonyl group was shown by the
strong absorption in IR spectrum at 1672.4 cm−1. The
1H-NMR spectrum showed three olefinic proton reso-
nances at δ 2.83 (1H, d, J = 12.5 Hz), δ 2.93 (2H, d, J =
11.0 Hz) and δ 4.96 (1H, d, J = 11.5 Hz). The spectrum
also demonstrated six methylene proton peaks at δ 2.34
(1H, s, ), δ 2.83 (1H, d, J = 12.5 Hz), δ 2.93 (2H, d, J =
11.0 Hz), δ 3.39 (1H, d, J = 10.1 Hz), δ 4.69 (1H, d, J =
10.1 Hz) and at δ 4.96 (1H, d, J = 11.5 Hz), and peaks of
four methyl group at δ 1.42 (3H, s), δ 1.61 (3H, s), δ 1.70
(3H, s), and at δ 1.75 (3H, s). Based on these spectral data
analysis, germacrone (1) was identified. Germacrone (1) is
Fig. 4 Effects of different doses of MeOH extract, VLC fractions and germacrone (1) on formalin induced licking in mice (First Phase). Results are mean
± SEM for five mice. Statistical comparison was performed using ANOVA followed by Dunnett’s test. * p < 0.05, ** p < 0.001, when compared with
control group
Fig. 3 Effects of different doses of MeOH extract, VLC fractions, SF. 1 to SF. 5 and germacrone (1) on acetic acid induced writhing method in
mice. Results are mean ± SEM for five mice. Statistical comparison was performed using ANOVA followed by Dunnett’s test. * p < 0.05, ** p < 0.001
and *** p < 0.001, when compared with control group
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a cyclic sesquiterpene, which was previously isolated from
this plant [10]. 1H-NMR data is very consistent with that
of germacrone in the literature [26]. It was found to be an
active principle that demonstrated 22.66, 34.77 and
51.17 % inhibition (p < 0.001) of writhing at doses of 10,
20 and 40 mg/kg, respectively. Thus, the presence activity
of acetic acid induced writhing indicates germacrone (1)
as a peripheral antinociceptive principle of C. aeruginosa
rhizome. Besides, germacrone (1) indicated no lethal tox-
icity in mice at a dose of 750 mg/kg in the literature [23].
The selection of doses of germacrone (1) was kept far
below the lethal dose 750 mg/kg and was kept consistent
with the positive control.
The peripheral antinociceptive activity of germacrone
(1) by acetic acid induced writhing was also previously
investigated by Ozaki (1990) [24] from C. xanthorrhiza
Roxb, where he determined the activity of germacrone
(1) in writhing method with 58.08 % inhibition (p < 0.01)
at a single dose of 75 mg/kg and used indomethacin
(10 mg/kg) as a positive control. Moreover, Ozaki (1990)
[27] insisted Fr. IX was germacrone (1), but did not
mention any data or proper citation in support of his
claim.
As germacrone (1) showed potent peripheral antinoci-
ceptive activity in acetic acid induced writhing method,
therefore we investigated the effect of germacrone (1) in
formalin induced licking method to clarify the central anti-
nociceptive effect through both phases and peripheral
antinociceptive effect through the second phase. The
second phase was also used to investigate the possible
effect of drug on inflammation. In formalin induced
licking method, germacrone (1) showed 30.43 % (p < 0.001)
and 37.53 % (p < 0.001) inhibition in the early phase and
32.27 % (p < 0.005) and 60.96 % (p < 0.001) inhibition in the
late phase at doses of 20 and 40 mg/kg, respectively. The
reduction of both phases of licking indicates germacrone
(1) as a central antinociceptive while the inhibition of the
second phase indicates that it is a peripheral antinocicep-
tive drug, which might have possible anti-inflammatory
activity. This finding of the possible effect on inflamma-
tion strongly support the published literature of anti-
inflammatory activity of germacrone (1) [13, 27]. Thus,
the results indicate the germacrone (1) as a centrally
and peripherally acting antinociceptive principle of C.
aeruginosa rhizome with possible anti-inflammatory
activity.
Conclusion
Germacrone (1) showed potent activities in both writh-
ing and licking methods indicating the compound is a
central and peripheral antinociceptive principle of C.
aeruginosa rhizome with possible anti-inflammatory ac-
tivity. Thus, the results also strongly support the litera-
tures of the anti-inflammatory activity of germacrone
(1). The investigation indicated that C. aeruginosa rhi-
zome is a rational choice as folk and traditional medi-
cines for the treatment of rheumatic disorders.
Abbreviations
VLC: Vacuum liquid chromatography; TLC: Thin layer chromatography;
NMR: Nuclear magnetic resonance; FT-IR: Fourier transform infrared;
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Fig. 5 Effects of different doses of MeOH extract, VLC fractions and germacrone (1) on formalin induced licking in mice (Second Phase). Results
are mean ± SEM for five mice. Statistical comparison was performed using ANOVA followed by Dunnett’s test. * p < 0.05, ** p < 0.001, when
compared with control group
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